Introduction: Salivary gland tumors are the most histologically heterogeneous group of tumors with the greatest diversity of morphologic features among their cells and tissues. The present study was aimed at assessing the validity of Ki-67, a cell proliferation marker, as a prognostic factor in benign and malignant salivary gland tumors and to study whether it is related to age, sex, anatomical site, and size of the lesion in salivary gland tumors.
INTRODUCTION
Salivary gland tumors are reported to represent between 1 and 5% of all head and neck tumors and are either benign or malignant tumors. Tumors of the salivary gland constitute an important area in the field of oral and maxillofacial pathology. 1 Of all the tissues in the human body, perhaps the salivary glands have the most histologically heterogeneous group of tumors and the greatest diversity of morphologic features among their cells and tissues. Salivary gland tumors often pose considerable difficulty in differential diagnostic and prognostic assessment based on histomorphologic criteria alone due to overlapping clinicopathologic features, and tumors in the same type of classification schedule exhibit different clinical courses. 2 Immunohistochemistry is an effective adjuvant to histopathological diagnosis and is based on hematoxylin and eosin (H&E)-stained sections in the majority of equivocal tumor cases, and helps in the establishment of definitive diagnosis or confirmation of H&E-stained sections. 3 
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The Ki-67 human nuclear antigen is expressed during the G 1 , S, G 2 , and M phases in the cell cycle, but is absent in the quiescent G 0 phase in tissue sections. The antibody raised against the Ki-67 antigen has been used as simple, rapid, reliable means of evaluating growth fraction of normal and neoplastic cell populations. 4, 5 The purpose of the study was to assess the validity of Ki-67, a cell proliferation marker, as a prognostic factor in benign and malignant salivary gland tumors and study whether it is related to age, sex, anatomical site, and size of the lesion in salivary gland tumors.
MATERIALS AND METHODS
Tissue Sample
Formalin-fixed, paraffin-embedded tissue blocks of 33 cases of salivary gland tumors and other 15 cases of normal salivary gland parenchyma were retrieved from the Histopathology Registry of Government Dental College and Hospital, Nagpur, India. All the samples were examined on H&E-stained sections and classified as per criteria given by the World Health Organization (WHO) international classification of salivary gland tumors in 2005. The present study was approved by the Institutional Ethical Committee of the Government Dental College and Hospital, Nagpur, Maharashtra, India.
The study group of 33 cases of salivary gland tumors comprised 15 cases of BSGTs and 18 cases of malignant salivary gland tumors. The control group comprised 15 cases of normal salivary gland parenchyma from buccal mucosa, labial mucosa, and palate.
Clinical data including gender, age, tumor size, and location of the lesion were collected by reviewing the pathology records.
Immunohistochemical Staining Procedure
Sections of 4 µm thickness were cut from formalin-fixed and paraffin-embedded tissue blocks and mounted on silane-coated glass slides. Paraffin sections were deparaffinized in xylene. Sections were rehydrated by transferring through descending grades of alcohol to water. Slides were heated in a pressure cooker for a total of 10 minutes in sodium citrate buffer (0.01 M, pH 6.0) for antigen retrieval. Sections were incubated with peroxide block (3% hydrogen peroxide in water) and washed with phosphate-buffered saline (PBS; pH 7.4, 0.05 M) three times for 5 minutes each. The sections were incubated with power block (contains casein and proprietary additives in PBS with 0.09% sodium azide) for 10 minutes at room temperature to block nonspecific immune reactions. Section was covered with ready-to-use mouse monoclonal antibody (anti-Ki-67 antigen, Biogenics) and incubated in a humidifying chamber at room temperature (≈25°C) for 60 minutes and then kept overnight at 4°C. Appropriate volume (≈38 µL) of super enhancer reagent was added to cover the specimen according to tissue size to amplify the antigen-antibody reaction. Appropriate volume of poly-horse radish peroxide reagent was added to cover the specimen and incubated for 30 minutes at room temperature (≈25°C) and rinsed thoroughly with PBS (pH 7.4, 0.05 M) thrice. Substrate solution [3,3′-diaminobenzidine (DAB)] was added to cover the specimen and incubated for 30 minutes at room temperature (≈25°C) and rinsed with PBS (pH 7.4, 0.05 M) at least thrice. The sections were counterstained with Mayer's hematoxylin and mounted with coverslip using disterene polysterase xylene.
Assessment of Immunohistochemically Stained Sections
Immunohistochemically stained sections were assessed on the light microscope under ×400 magnification and evaluated for Ki-67-positive cells. Cells were considered positive for the Ki-67 antigen, if there was intranuclear DAB staining (brown color). All stained nuclei were scored positive regardless of the intensity of staining. Cells that lacked the clear nucleus were excluded. The counting protocol suggested by Hirabayashi 6 and Okabe et al 7 was followed. Five fields showing maximum Ki-67-positive cells were selected at ×100 magnification and a minimum of 1,000 tumor cells were counted in each section at ×400 magnification. Computer-assisted cell counting was done using a cell image analyzer (Olympus BX51). The number of positively stained nuclei was expressed as a percentage of the total number of tumor cells counted per section, which is known as Ki-67 LI.
Ki-LI Number of Ki-67 positive nuclei Total number of tumor ce 67 = ( ) ( l lls observed) × 100
Statistical Analysis
Analysis of variance test was applied to compare the Ki-67 LI of normal salivary gland parenchyma, benign tumors of salivary gland, and malignant tumors of salivary gland. Analysis of the correlation between Ki-67 LI and clinicopathological factors (age, sex, site of lesion, and tumor size) was performed using unpaired t-test and Kruskal-Wallis test; p-values were noted using software INTERCOOLED STATA version 8. The p-values of <0.05 were regarded as statistically significant.
RESULTS
Evaluation of H&E-stained Sections
A total of 33 cases of salivary gland tumors and 15 cases of normal salivary gland parenchyma were stained according to H&E method to confirm the diagnosis and then classify salivary gland tumors according to the WHO international classification of salivary gland tumors. The distribution of study group and controls is tabulated in Table 1 .
Correlation of Ki-67 LI (%) with Histopathological Findings in Normal Salivary Gland Parenchyma and Salivary Gland Tumors
Evaluation of Mean of Ki-67 LI (%) in Normal Salivary Gland Parenchyma
In normal salivary gland parenchyma, the frequency of Ki-67-positive cells among the acinar cells and ductal cells including myoepithelial cells was calculated together. The mean ± SD of Ki-67 LI (%) in normal salivary gland parenchyma was 0.27 ± 0.31%, range (0-0.88%).
Evaluation of Ki-67 LI (%) in BSGTs
Mean ± SD of Ki-67 LI of 15 cases of BSGTs was 0.76 ± 2.02%, and there was negligible proliferative activity in pleomorphic adenoma and myoepithelioma (ME), whereas basal cell adenoma (BCA) showed little proliferative activity. As such, the overall proliferative activity was low in BSGTs (Figs 1 to 3) .
Evaluation of Mean of Ki-67 LI (%) in Malignant Salivary Gland Tumors
Mean ± SD of Ki-67 LI of 18 cases of malignant salivary gland tumors was 18.79 ± 18.06%, with a range of 0 to 59.09%.
• Mean of Ki-67 LI (%) in MEC -Mean ± SD of Ki-67 LI in 6 cases of MEC was 19.63 ± 14.65% with range (0-39.01%) and the subtypes of MEC showed mean ± SD of Ki-67 LI in two cases of low-grade (LG) variant (Fig. 4) 
Comparison of Mean of Ki-67 LI (%) of Normal Salivary Gland Parenchyma with BSGTs and Malignant Salivary Gland Tumors
Difference of the mean ± SD of Ki-67 LI between the normal salivary gland parenchyma, BSGTs, and malignant salivary tumors was subjected to statistical analysis. This revealed a statistically nonsignificant correlation between normal salivary gland parenchyma and BSGTs (as p > 0.05), but when mean ± SD of Ki-67 LI of normal salivary gland parenchyma was compared with malignant salivary gland tumors, it was found to be highly significant (as p < 0.01). Similarly, high statistical significance was found between benign and malignant salivary gland tumors (as p < 0.01) as shown in Graph 1.
Correlation of Ki-67 LI (%) with Clinical Parameters of Salivary Gland Tumors
Among 33 cases of salivary gland tumors (benign and malignant), there was a significant correlation statistically of mean ± SD of Ki-67 LI (%) with the age of the patients being the maximum (32.68 ± 15.87%) in the 50 to 59 years age group, whereas sex, site of the lesion, and size of the lesion in salivary gland tumors had no significant correlation.
DISCUSSION
Keeping in view the diverse histomorphology, varied growth pattern, and varied behavior of salivary gland tumors, numerous studies have been performed seeking for prognostic factors. [8] [9] [10] Immunohistochemistry is an effective adjunct to diagnosis based on H&E-stained sections in the majority of equivocal tumor cases, through the establishment of definitive diagnosis or through confirmation of diagnosis on H&E-stained sections. 11 Cell proliferation, in particular, has been extensively studied. Detection of nuclear antigens related to cell cycle has made it possible to estimate cellular proliferation activity by immunohistochemical methods. 10, 12 The Ki-67 antigen has been used as a simple, rapid, and reliable means of evaluating growth fraction. 13, 14 In the present study, among 15 cases of normal salivary gland parenchyma, mean ± SD of Ki-67 LI was 0.27 ± 0.31% and range was 0 to 0.88%. Our findings are in accordance with the previous studies by Hirabayashi 6 and Jia-Xuan et al 15 and are quite on the higher side in the study of Murakami et al 16 compared with our study.
Probably, the study on frozen section and the sample size could be responsible.
In our study, all the pleomorphic adenomas were negative for Ki-67 immunoreactivity. This reveals the Hirabayashi, 6 Jia-Xuan et al, 15 and Vargas et al 19 found a very low proliferative potential in pleomorphic adenoma ranging from 1.3 to 6.47%. This variation in our findings with previous studies could be due to the variations in the histological features of pleomorphic adenoma, such as necrosis, hyalinization, increased abnormal mitotic activity, and stroma-rich lesions that may grow at a faster rate. These factors influence the proliferative activity in tumor as commented by Alves et al. 17 In this study, ME was negative for the Ki-67 immunoreactivity, indicating extremely low proliferative rate. Nagao et al, 20 in their study, in Japan reported a range of Ki-67 LI from 0.9 to 9.1% in six cases of ME. Ferri et al 21 found Ki-67 LI as 1% in their study of one case of ME. This shows that ME has very low proliferative rate as also found in our study. Our study revealed mean ± SD of Ki-67 LI in BCA as 5.70 ± 0.93% (5.04-6.36%). To the best of our knowledge, no reported study has investigated Ki-67 expression in BCA.
In our study, among six cases of MEC, Ki-67 LI in HG variant was higher than IG and LG variants, i.e., mean of Ki-67 LI of HG > IG > LG. This difference in mean of Ki-67 LI (%) was statistically significant (p = 0.0069). Thus, our findings are in agreement with all the previous studies by Hicks and Flaitz, 10 Okabe et al, 7 Nguyen et al, 22 Triantafillidou et al, 23 and Vargas et al. 19 This suggests that the Ki-67 LI correlates very well with histopathological grading of MEC, and therefore, high Ki-67 LI indicates that the HG variant of MEC has the highest proliferative activity. In the present study, among five cases of AdCC, Ki-67 LI (%) of solid variant was higher than that of the cribriform pattern. Thus, our results are in accordance with lower values compared with Hirabayashi 6 and Amoueian et al. 24 These results suggest that the solid variant of AdCC has high proliferative activity than cribriform variant of AdCC. The present study revealed that Ki-67 LI of solid variant of AcCC was greater than that of the follicular pattern, whereas the papillary cystic pattern showed negative expression for Ki-67 immunoreactivity. These results suggest that the differentiation of subtypes of AcCC is important as it reflects its proliferative activity and has its prognostic value. Till to date, no studies have reported the expression of Ki-67 in the subtypes of AcCC, and, hence, further research to confirm these findings would be of value.
Three cases of ACNos had a mean of Ki-67 LI as 26.99 ± 8.81, SD%. To the best of our knowledge, no reported study has investigated Ki-67 expression in ACNos.
In the present study of only one case of PLGA, the Ki-67 LI was 59.09%, which had a higher value and the tumor showed HG malignancy on H&E-stained section. Simpson 
Comparison of Mean of Ki-67 LI (%) of Normal Salivary Gland Parenchyma with BSGTs and Malignant Salivary Gland Tumors
Expression of Ki-67-positive cells in malignant salivary gland tumors was very much comparable with other studies. However, mean ± SD of BSGTs and normal salivary gland parenchyma was quite on higher side, especially normal salivary gland parenchyma in Murakami et al's 16 study compared with our study.
Probably, the study on frozen section and sample size could be responsible.
No other literature studies have evaluated Ki-67 LI (%) simultaneously in benign, malignant, and normal salivary gland parenchyma as per our knowledge.
Correlation of Ki-67 LI (%) with Clinical Parameters of Salivary Gland Tumors
Among 33 cases of salivary gland tumors (benign and malignant), there was a significant correlation statistically of mean ± SD of Ki-67 LI (%) with the age of the patients being the maximum (32.68 ± 15.87%) in 50 to 59 years age group, whereas sex, site of the lesion, and size of the lesion in salivary gland tumors had no significant correlation.
Our findings are not in accordance to the study by Vargas et al, 19 who found no significant correlation with age of patients in their study of 62 cases of salivary gland tumors comprised of benign and malignant tumors. This variation could be due to less sample size in the present study. Lim et al 28 found a significant correlation between the Ki-67 expression and size of the tumor, i.e., Ki-67 LI (%) increased with increase in the size of tumor in this study of 45 cases of malignant salivary gland tumors. Our study was not in line with Lim et al. 28 This could be, as in our present study, due to correlation being irrespective of benign and malignant, whereas Lim et al 28 has included only malignant salivary gland tumors.
CONCLUSION
Thus, it can be concluded that there is a definite difference in the Ki-67 LI (%) of normal salivary gland parenchyma, BSGTs, and malignant salivary gland tumors, being highest in the malignant salivary gland tumors. Similarly, Ki-67 LI (%) is also variable depending upon its grade as well as subtype of malignant salivary gland tumors.
CLINICAL SIGNIFICANCE
Although this technique is beneficial in differentiating between salivary gland parenchyma and benign and malignant salivary gland tumors, the overlapping of the Ki-67 LI (%) between certain tumors prohibited the use of this technique as an absolute criteria in establishing a final diagnosis, but can be used as a reliable adjuvant diagnostic tool to differentiate between the subtypes and grading of certain malignant tumors, such as MEC, AdCC, and AcCC, which are usually difficult to diagnose on histopathological criteria alone.
Since it is a useful marker for assessing the proliferative potential of tumors, the prognosis of patients can definitely be predicted.
